Distribution of phytochrome (as Pfr) among membranes from soybean hypocotyls (Glycine max L. cv. Wayne) was determined by the combined techniques of cell fractionation, difference spectrometry, and electron microscopic morphometry. More than 90% of the phytochrome was found in the soluble fraction. With homogenates prepared in the presence or absence of Mg2+, the portion associated with membrane was only 6.5% and 1%, respectively. In the presence of Mg2+, the content of particulate phytochrome correlated with the amount of endoplasmic reticulum with attached ribosomes in the fractions but not with mitochondria or other membranes (including endoplasmic reticulum membranes from which the ribosomes may have been lost during cell fractionation). In the absence of Mg2+, phytochrome was associated with a "heavy" plasma membrane fraction. The phytochrome content was sufficiently low to be accounted for by a contamination of less than 10% by rough-surfaced fragments of endoplasmic reticulum. The findings show association of phytochrome with a particulate fraction enriched in rough-surfaced fragments of endoplasmic reticulum but do not rule out cosedimentation of some unknown or unspecific phytochrome aggregate with this fraction.
Since the discovery of phytochrome and the elaboration of its ubiquitous role in the regulation of growth and development of flowering plants, its location within the cell and immediate mode of action have remained unknown. Information concerning its location has been mainly inferential, relating rapid phytochromemediated responses to physiological events at the plasma membrane (10) (11) (12) or the nuclear envelope (7) . A part of the extracted phytochrome is associated with a particulate fraction (25, 26, 29 ); yet, a membrane or membrane fraction which binds phytochrome has not been identified.
We examined different fractions obtained from soybean hypocotyls by differential and sucrose gradient centrifugation and observed that phytochrome content in the presence of Mg2+ cor- related with the presence of endoplasmic reticulum with attached ribosomes. In the absence of Mg2+, phytochrome was found in the so-called "heavy" plasma membrane fraction, possibly as a result of contamination of this fraction by fragments of endoplasmic reticulum.
MATERIALS AND METHODS
Plant Material. Soybean seeds (Glycine max L. cv. Wayne) were soaked in water for 6 hr and grown in moist vermiculite (9) . After 4 days in darkness at 29 C, the cotyledons were removed, and the hypocotyl apices (approximately 1.5 cm) were harvested.
Membrane Isolation. Isolations of membrane fractions were either in fluorescent room light (Table I ) or in dim green light after a 5-min exposure of the tissue to red light (Tables II to IV) . By either procedure, the phytochrome was expected to be predominantly in the far red-absorbing form at the time of isolation. Fifty to 100 g of tissue were finely chopped with a razor blade and suspended in cold (0-4 C) homogenizing medium (1 ml/g tissue).
For isolations in the absence of Mg2+, the homogenization and gradient media were freshly prepared 0.1 M K2HPO4 and 20 mM Na2EDTA in Millipore-filtered coconut milk, pH 7.4, containing 0.5 M sucrose (13 (27) .
Electron micrographs of pelleted fractions (x35,000) were examined under a transparent overlay bearing lines 1 cm apart (13, 15) . Intersections of the lines with different membrane types were counted. Mitochondria (Fig. 4) and dictyosomes (9) were identified by their morphology. Plasma membranes (Fig. 3) were identified by the staining procedure of Roland et al. (28) . Rough endoplasmic reticulum was identified by the presence of membrane-associated ribosomes (Fig. 2) (Table I ). The spectral response of photoreversibility (Fig. 5 ) demonstrated that one form of the pigment in this fraction can only be reversed by red light and the other form by far red light. By these criteria, the pigment corresponded to phytochrome.
Electron microscope examination of the phytochrome-rich fraction showed abundant plasma membranes and mitochondria. Upon further fractionation, phytochrome was found associated with the plasma membrane-rich part (Table II) . However, we could not conclude that phytochrome was associated with plasma membrane per se, since the fractions were only about 50% plasma membrane (9). High purity was not possible because of the nearly equal amounts of plasma membrane and tonoplast in this tissue and the tendency for these two membrane types to copurify along with substantial amounts of thinner membranes resembling endoplasmic reticulum (Table II) . Also, the C top fraction from the 1 to 1.2 M sucrose interface was rich in plasma membrane but contained substantially less phytochrome than the plasma membrane-rich D top and P top fractions. This suggested either a functional heterogeneity of plasma membrane with respect to phytochrome location (36) (Table III) . When the microsomal fraction was fractionated by density gradient centrifugation in the presence of Mg2+, a large amount of material passed through the bottom layer of the gradient (equivalent to 1.4 M sucrose in density). Phytochrome content increased with increasing fraction density ( Fig. 6 ) and was most concentrated in the gradient pellet (P fraction) ( Table  IV) . The specific activity ofthephytochrome (A(AA)/mg protein) in the P fraction was about twice that of the total homogenate.
Morphometric analyses of the fractions prepared in the presence of Mg2+ showed that the fraction consistently highest in phytochrome (P fraction, Fig. 2 ) contained up to 85%C rough endoplasmic reticulum. The identity of the remainder of the fraction was variable, consisting of 5 to 30% plasma membrane, 0 to 15% mitochondria and 10 to 30%l unidentified membrane. Other fractions containing significant amounts of phytochrome were rich in plasma membrane (up to 55%c, Fig. 3 ) but always contained rough endoplasmic reticulum. Fractions rich in mitochondria but lacking rough endoplasmic reticulum (Fig. 4) were low in phytochrome (Table IV) .
The correlation between endoplasmic reticulum and phytochrome in cell fractions was confirmed by plotting phytochrome concentration as a function of percentage of rough endoplasmic reticulum for all fractions. The correlation coefficient of 0.9491 ( Fig. 7 ) is significant at the 1 % confidence level. Similar plots for mitochondria (Fig. 8) showed no correlation (R = -0.1327). For plasma membrane (Fig. 9) , there was a positive correlation (R = 0.2171) significant at the 5%c confidence level, but the plasma membrane fractions were contaminated by endoplasmic reticulum. For fractions prepared in the absence of Mg2+, we did not evaluate endoplasmic reticulum contamination because most of the ribosomes were detached from the membranes. The only membranes clearly identified as endoplasmic reticulum in these preparations were double vesicles concentrated in the D fraction with ribosomes attached to the inner, protected surface of the vesicle.
DISCUSSION
Cell Fractionation. Our procedure for plant cell fractionation in the presence of Mg2+ and coconut milk yields fractions rich in endoplasmic reticulum. The buoyant density of rough endoplasmic reticulum of soybean hypocotyl on sucrose gradients (about 1.19 g1'cm3) is similar to that of rough endoplasmic reticulum from rat liver (5), but greater than that from castor bean endosperm (14) . The fraction isolated by Lord et al. (14) from castor bean endosperm has a density of 1.16 g/cm3, whereas our rough endoplasmic reticulum fraction passes through 1.4 M sucrose (density at 20 C of about 1.18 g/,cm3) but is retained by 1.6 Msucrose (density at 20 C of about 1.20 g/cm3). These differences in density between rough endoplasmic reticulum from soy- fraction. Fractions rich in phytochrome are also rich in plasma membrane, but not all fractions rich in plasma membrane are rich in phytochrome. In the presence of Mg2+, low levels of phytochrome associated with plasma membrane may be masked by phytochrome associated with rough endoplasmic reticulum but, at best, less than 1 % of the total phytochrome is ascribable to plasma membrane fragments. The unidentified membranes in many of the phytochrome-poor fractions prepared in either the presence or absence of Mg2+ may be rough endoplasmic reticulum stripped of its ribosomes. Ribosomes are easily detached from endoplasmic reticulum membranes especially in the absence of Mg2+ (30) . The presence of membrane-associated ribosomes provides the only correlation with phytochrome content of the fractions (Fig. 7) . Rubinstein et al. (29) concluded that membrane-associated phytochrome, because of its sensitivity to detergents and lability, was distinct from soluble phytochrome. They isolated particulate fractions in a buffer containing EDTA and without Mg2+ which was comparable to our Mg'+-free buffers. They showed that phytochrome could not be extracted from the membranes isolated under these conditions. This contrasts with the membrane-associated phytochrome described by Marme et al. (18) (17) report that, when localized as Pr by indirect peroxidase-antiperoxidase antibody labeling methods, phytochrome is generally distributed throughout the cytoplasm (see also 2, 3, 24) . However, after saturation with red light, Pfr becomes associated with discrete regions of the cytoplasm no larger than 1 um. Their findings do not prove, but would be consistent with, a reversible association of Pfr with rough endoplasmic reticulum.
We determined only the correlation between phytochrome content and membrane composition of each of the fractions. On this basis, the correlation is between phytochrome and endoplasmic reticulum with attached ribosomes rather than between phytochrome and total endoplasmic reticulum, plasma membrane, mitochondria, or other types of membranes. An association between phytochrome and microbodies or nuclei was not eliminated; nor do we exclude the possibility that the phytochrome may be localized in some sedimentable, nonmembranous cell component such as microfilaments, microtubules, or lipoprotein micelles not revealed in the electron micrographs or with some nonmembrane cell component associated with membranes such as the ribosomes of the endoplasmic reticulum or subsurface cytoplasmic constituents associated with "heavy" fragments of plasma membranes (21) .
The lack of correlation of phytochrome content with plasma membranes was unexpected in view of indirect experimentation which predicted such an association, e.g. phytochrome appears to control the electrical potential between the cell and its environment (12, 33) , and appears to be located at the cell periphery in Mougeotia (10, 11) . Such findings are also consistent with phytochrome associated with rough endoplasmic reticulum. Connections of endoplasmic reticulum with plasma membrane (4, 20) are evident at plasmodesmata (20; C. E. Bracker, unpublished). Additionally, higher plants and the alga Mougeotia contain peripheral cisternae of endoplasmic reticulum in near proximity and parallel to the cell surface. In Mougeotia the large central chloroplast especially restricts endoplasmic reticulum and other cytoplasmic components to a narrow band just under the plasma membrane (6; C. A. Lembi, unpublished ).
An interaction between phytochrome and ribosomes is indicated by the stimulation of the protein synthetic activity of maize ribosomes (34) and the induction of polyribosome formation in bean leaves (23) by red light. Our data do not support an association of phytochrome with free ribosomes since no phytochrome was found in the fraction equilibrating at 0.8 M sucrose (A fraction) which contains ribosomes from the supernatant of the gradient.
Our data eliminate the possibility that phytochrome is localized in mitochondria (e.g. 8 ). An effect of red light on respiration in mung bean roots (37) and effects of red and far red light on rates of phosphorylation in Avena (8) may be explicable in terms of connections in vivo between endoplasmic reticulum and mitochondria (21) .
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